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LIQUID CRYSTAL DEVICE AND DISPLAY 
APPARATUS WITH A THREE-LAYERED 

ELECTRODE OF ITO, MOLYBDENUM, AND 
ALUMINUM 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to a liquid crystal de 
vice, particularly a device using a chiral smectic liquid 
crystal, and a display apparatus using such a device. 

Hitherto, it has been practiced to use a laminar struc 
ture of an ITO (indium-tin-oxide) electrode and a metal 
wire so as to provide a lower resistivity electrode struc 
ture for a liquid crystal display device. As a metal con 
stituting such a metal wire, there has been used a metal, 
such as Cr (chromium), Mo (molybdenum), W (tung 
sten) or Ni (nickel), which can be selectively etched in 
combination with ITO and can also be subjected to an 
ordinary photolithographic process. In ‘recent years, 
however, there has been an increasing demand for liq 
uid crystal display devices having a larger area and a 
higher resolution, and accordingly, the electrodes are 
required to have a further lower resistivity. For this 
reason, Al (aluminum) has been recently used as a metal 
wire because it shows a low resistivity, is inexpensive 
and is suited for ?ne processing. 
However, when a laminate electrode structure of 

ITO and Al is formed by an ordinary lithographic pro 
cess, there has been observed a dif?culty that pinhole 
defects are liable to occur in the ITO ?lm. This is ex 
plained with reference to FIGS. 7A—7D showing steps 
for production of such a conventional laminated elec 
trode structure. First of all, a pattern of ITO electrode 
2 is formed on a glass substrate 1 (FIG. 7A). Further, 
the ITO electrodes 2 arg coated with an Al ?lm 4 in a 
thickness of, e.g., 3000 A and then with a positive-type 
photoresist layer 5 (FIG. 7B). Then, a prescribed A] 
pattern is formed by an ordinary photolithographic 
process wherein the Al ?lm 4 is etched by a developing 
liquid containing principally an organic alkali. At this 
time, if there is any pinhole 7 in the Al ?lm 4, ITO is 
also dissolved in the developing step due to nascent 
hydrogen generated when Al is dissolved (FIG. 7C). 
Then, when the ITO ?lm is etched to form an electrode 
pattern, the portion of ITO ?lm dissolved during the Al 
etching remains as a pinhole defect 8 to remarkably 
deteriorate the display quality of the resultant liquid 
crystal display device. 

In order to obviate the above dif?culty in the conven 
tional process, it has been proposed to dispose a protec 
tive ?lm between the ITO ?lm and Al ?lm. FIGS. 
8A~8E illustrate such an embodiment for production of 
a laminated electrode structure having a ?rst layer of 
ITO 2, a second layer of Cr 9 and a third layer of Al 4. 
The production process is similar to the one explained 
with reference to FIGS. 7A—7D except for the provi 
sion of the second Cr layer 9. It is also similar that the 
Al is partly preferentially dissolved during the develop 
ing step, but the occurrence of a pinhole in the ITO ?lm 
is prevented due to the presence of the Cr layer 9 be 
tween the Al ?lm 4 and the ITO ?lm. 
However, this process requires an additional etching 

step for the Cr ?lm 9 (FIG. 8D) in addition to the Al 
etching step (FIG. 8C) and also the Cr ?lm 9 is not 
always uniformly formed on the ITO ?lm 2, so that 
complication of the process is inherently accompanied. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
liquid crystal device and a display apparatus having 
solved the above-mentioned problems. 
A more speci?c object of the present invention is to 

provide a liquid crystal device provided with electrodes 
with a reduced number of pinhole defects which are 
practically of no problem and a display apparatus using 
such a liquid crystal device. 
According to the present invention, there is provided 

a liquid crystal device, comprising a pair of oppositely 
disposed electrodes, and a liquid crystal disposed be 
tween the electrodes; wherein at least one of the pair of 
electrodes comprises a laminated structure including a 
?rst layer of indium tin oxide, a second layer of molyb 
denum or its alloy, and a third layer of aluminum or its 
alloy, disposed in the order named. 
These and other objects, features and advantages of 

the present invention will become more apparent upon 
a consideration of the following description of the pre 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A - 1B illustrate a process for forming a lami 
nated electrode structure on a substrate used in an em 
bodiment of the liquid crystal device according to the 
invention. 
FIGS. 2A-2E illustrate a process for forming a lami 

nated electrode structure on a substrate used in another 
embodiment of the liquid crystal device according to 
the invention. 
FIG. 3 is a graph showing a relationship between the 

etching speed of Mo - Ta alloy and the Ta content in the 
alloy. 
FIG. 4A is a schematic plan view of a ferroelectric 

liquid crystal device used in the invention, and FIG. 4B 
is a sectional view taken along the line A—-A therein. 
FIG. 5 is a block diagram of a liquid crystal display 

apparatus including a liquid crystal device and a 
graphic controller according to the invention; 
FIG. 6 is a time chart showing time correlation for 

image data communication between the liquid crystal 
device and the graphic controller. 
FIGS. 7A—7D and FIGS. 8A-8E respectively illus 

trate a conventional process for forming a laminated 
electrode structure on a substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The device of the present invention has been pro 
vided so as to remote the defects of the above-men 
tioned conventional laminated electrode structure. 
More speci?cally, according to the present invention, a 
layer of M0 or Mo alloy is interposed between an ITO 
electrode constituting a display electrode and a layer of 
Al or Al alloy, whereby a low-resistivity electrode 
including A1 can be realized without complicating the 
production process or causing pinhole defects in the 
ITO electrode. 
A liquid crystal device according to the present in 

vention may be formed by providing a pair of substrates - 
having a display electrode having a laminated structure 
including a ?rst layer of ITO, a second layer of M0 or 
Mo alloy disposed on the ?rst layer, and a third layer of 
Al or Al alloy; subjecting the substrates to an aligning 
treatment; bonding the pair of substrates thus treated to 
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each other with a gap therebetween; and ?lling the gap 
with a liquid crystal. 

In the present invention, such a display electrode may 
be formed on a substrate, e. g., through a process includ 
ing the steps of: forming a ?lm of ITO by sputtering on 
the substrate, forming the ITO ?lm into a pattern of 
stripes by ordinary photolithographic technique, form 
ing thereon laminated ?lms of M0 or Mo alloy and Al 
or Al alloy sequentially by sputtering similarly as the 
ITO ?lm, coating the laminated ?lms with a positive 
type photoresist layer which is then exposed and devel 
oped into a pattern, etching the layers of Al or Al alloy 
and M0 or Mo alloy with an etchant comprising a pre 
dominant amount of phosphoric acid and relatively 
small amounts of nitric acid, acetic acid and water, and 
then peeling the remaining photoresist ?lm. 
The ?rst layer of ITO (indium-tin-oxide) may suitably 

be a conventional one having an Sn content of l-lO “it. 
% and may suitably have a thickness of 500 A-SOOO A. 
The second layer comprises M0 or Mo alloy. The M0 

alloy may suitably be Mo-Ta, Mc-Ti, Mo-Si, Mo-Cr, 
Mo-V, Mo-Nb, Mo-W, Mo-Ta-Ti, Mo-Ta-Si, Mo-Ta 
V, etc. Such an M0 alloy is suitably be used because the 
etching speed thereof can be controlled by varying the 
content of an alloying element, such as Ta, Ti, . . . , etc. 

(FIG. 3) preferably in a proportion of 1-30 wt. %, more 
preferably 5—20 wt. %. It is particularly preferred to use 
Mo-Ta or Mo-Ti alloy with a preferred Ta- or Ti-con 
tent of 30 wt. % or less, further preferably be 5-15 wt. 
%. 
The second layer of M0 or Mo alloy may be uni 

formly formed by vapor deposition on the ITO ?lm and 
may desirably have a thickness of 502000 A, preferably 
300-1000 A. 
A layer of Al or Al alloy is formed on the second 

layer of M0 or Mo alloy. The Al alloy may for example 
be Al-Si, Al-Cu-Si or Al-Ti alloys containing at least 
one alloying element selected from Si, Cu and Ti in a 
proportion of 1-5 wt. %. The Al or Al alloy can further 
contain M0 or Cr in a proportion of l-5 wt. %. The Al 
or Al aloloy layer may suitably have a thickness of 
50-2000A, preferably 300-1000A. 
The liquid crystal used in the liquid crystal device 

may preferably be a ferroelectric liquid crystal which is 
not restricted to particular ones but can be selected 
from a wide scope. 

Hereinbelow, the present invention will be described 
based on speci?c examples of production. 

EXAMPLE 1 

A laminated electrode structure was formed on a 
substrate through a process as illustrated in FIGS. 
lA-IE. 

First of all, a glass substrate 1 was coated with a 1000 
A-thick ITO ?lm by sputtering, which ITO ?lm was 
then patterned into stripes 2 by ordinary photolitho 
graphic technique (FIG. 1A). 
Then, the ITO stripes 2 were coated with laminated 

?lms including a 500 A-thick Mo ?lm 3 and a 3000 
A-thick Al ?lm by sputtering similarly as the ITO ?lm 
and then with a l micron-thick layer 5 of a positive-type 
photoresist (trade name: “OFPR-800”, mfd. by Tokyo 
Ohka Kogyo K.K.) by using a roller coater (FIG. 1B). 
Then, the photoresist layer was exposed and then 
dipped in a developer liquid comprising principally an 
organic alkali (trade name: “NMD-S”, mfd. by Tokyo 
Ohka Kogyo K.K.) to be patterned (FIG. 1C). In this 
step, Al 4 could be dissolved partly but the occurrence 
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4 
of pinholes in the ITO 2 was prevented due to the pres 
ence of the Mo ?lm 2 between A1 4 and ITO 2 even if 
there were pinholes in the Al 4 ?lm. 

Then, the laminated ?lms of Al 4 and M0 were 
etched by an etching liquid comprising a mixture of 
phosphoric acid (98 wt. %), nitric acid (60 wt. %), 
acetic acid (100 wt. %) and water in volumetric ratios 
of l6:l:2:l, and then the photoresist 5 was peeled to 
leave a laminated electrode structure (FIG. 1D). In this 
instance, Mo showed a larger etching speed than A1 
with respect to the above etching liquid, so that slight 
overhangs of Al electrode were formed as shown in 
FIG. 1E which is an enlarged view of a part A in FIG. 
1D. 
A pair of substrates each having thereon a laminated 

electrode structure thus formed were respectively sub 
jected to an aligning treatment (including application of 
a polyimide ?lm and rubbing of the polyimide ?lm) and 
then bonded to each other with a gap therebetween, 
which was then ?lled with a ferroelectric chiral smectic 
liquid crystal (trade name: “CS-1014", mfd. by Chisso 
KK.) to provide a liquid crystal display device. The 
liquid crystal display device resulted in alignment de 
fects in the vicinity of the overhangs of Al electrodes, 
which were however so minute that they could be ac 
cepted without practical problem. 

EXAMPLE 2 

A laminated electrode structure was formed on a 
substrate through a process as shown in FIGS. 2A-2E, 
which was characterized by the use of an Mo-Ta alloy 
layer 6 as shown in FIGS. 2B-2E instead of the Mo 
layer 3 in Example 1. 
As in Example 1, a pattern of ITO electrodes 2 was 

formed on anglass substrate 1 (FIG. 2A) and then coated 
with a 500 A-thick ?lm 6 of lvio-Ta alloy (Mo 92.5 wt. 
%, Ta 7.5 wt. %) and a 3000 A-thick ?lm 4 of Al, which 
were subjected to patterning in a similar process as in 
Example 1 (FIGS. 2B-2D). The etching speeds of 
Mo-Ta alloys were as shown in FIG. 3 and could be 
controlled varying the Ta contents in the alloys. In this 
Example, an Mo-Ta alloy containing 7.5 wt. % of Mo 
was used so as to provide an etching speed substantially 
identical to that of Al. As a result, it was possible to 
form an ideal laminated electrode structure free from 
overhangs of Al electrodes while preventing the occur 
rence of pinhole defects in the ITO electrodes 2 due to 
the presence of the Mo-Ta alloy layer 6. A part B in 
FIG. 2D is enlarged in FIG. 2E which shows that such 
an overhang of Al electrode was not formed. 
A liquid crystal display device was prepared by using 

a pair of substrates thus processed otherwise in a similar 
manner as in Example 1. The display device provided a 
good display which was also free from alignment de 
fects near the metal electrodes. 

In the above Examples 1 and 2, Al electrodes were 
used as metal electrodes for providing a lower resistiv 
ity. It is however also possible to use an Al alloy such as 
Al-Si, Al-Si-Cu or Al-Ti in view of electro-migration 
and anti-corrosion characteristic. In this case, it is still 
possible to adjust the etching speed of Mo alloy to that 
of the Al alloy by changing the content of alloying 
element such as Ta or Ti, and also show the pinhole 
preventing effect. These effects are applicable to any 
types of liquid crystal display devices including STN, 
active matrix and ferroelectric chiral smectic liquid 
crystal devices. 
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FIGS. 4A and 4B illustrate an embodiment of the 
liquid crystal device according to the present invention. 
FIG. 4A is a plan view of the embodiment and FIG. 4B 
is a sectional view taken along the line 4B-4B in FIG. 
4A. 
A cell structure 100 shown in FIG. 4 comprises a pair 

of substrates 101a and 101b made of glass plates or 
plastic plates which are held with a predetermined gap 
with spacers 104 and sealed with an adhesive 106 to 
form a cell structure. On the substrate 1010 is further 
formed an electrode group (e.g., an electrode group for 
applying scanning voltages of a matrix electrode struc 
ture) comprising a plurality of laminated electrodes 
1020 as formed by Example 1 above in a predetermined 
pattern, e.g., of a stripe pattern. On the substrate 101!) is 
formed another electrode group (e.g., an electrode 
.group for applying signal voltages of the matrix elec 
trode structure) comprising a plurality of laminated 
electrodes 10217 intersecting with the electrodes 102a. 
On the substrate 101b provided with such electrodes 

102b may be further formed an alignment control ?lm 
105 composed of an inorganic insulating material such 
as silicon monoxide, silicon dioxide, aluminum oxide, 
zirconia, magnesium fluoride, cerium oxide, cerium 
?uoride, silicon nitride, silicon carbide, and boron ni 
tride, or an organic insulating material such as polyvinyl 
alcohol, polyimide, polyamide-imide, polyester-imide, 
polyparaxylylene, polyester, polycarbonate, polyvinyl 
acetal, polyvinyl chloride, polyamide, polystyrene, cel 
lulose resin, melamine resin, urea resin and acrylic resin. 
The alignment control ?lm 105 may be formed by 

?rst forming a ?lm of an inorganic insulating material or 
an organic insulating material as described above and 
then rubbing the surface thereof in one direction with 
velvet, cloth, paper, etc. 

In another preferred embodiment according to the 
present invention, the alignment control ?lm 105 may 
be formed as a ?lm of an inorganic insulating material 
such as _SiO or SiOg on the substrate 101!) by the oblique 
or tilt vapor deposition. 

It is preferred that the alignment control ?lm 105 also 
functions as an insulating ?lm. For this purpose, the 
alignment control ?alm may preferably have a thickness 
in the range of 100 A to 1 micron, especially 500 to 5000 
A. The insulating ?lm also has a function of preventing 
the occurrence of an electric current which is generally 
caused due to minor quantities of impurities contained 
in the liquid crystal layer 103, whereby deterioration of 
the liquid crystal compounds is prevented even on re 
peating operations. 
The liquid crystal device according to the present 

invention can have an alignment control ?lm similar to 
the above-mentioned alignment control ?lm 105 also on 
the other substrate 101a. 
The liquid crystal 103 in the cell structure 100 shown 

in FIG. 3 may assume an SmC" (chiral smectic C) or 
SmI-l“ (chiral smectic H) phase. Such a liquid crystal 
layer assuming SmC" or SmH* may be formed by phase 
transition from cholesteric phase which is a higher tem 
perature phase than the smectic phase, particularly cho 
lesteric phase having a grandjean texture, through SmA 
(smectic A) phase to SmC‘ or SmI-I“. 
The liquid crystal device further includes a sealant 

106 composed of an epoxy adhesive, a pair of polarizers 
107 and 108 disposed in cross nicols, and a heater 109 
formed of a transparent resistor ?lm (e.g., of SnOZ). 
FIG. 5 is a block diagram showing an arrangement of 

a ferroelectric liquid crystal display apparatus 501 and a 
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6 
graphic controller 502 provided in an apparatus body 
of, e.g., a personal computer as a source of supplying 
display data. FIG. 6 is a time chart for communication 
of image data. 
A display panel 503 (similar to a liquid crystal device 

100 as described above) comprises a matrix electrode 
structure composed of 1120 scanning electrodes and 
1280 data electrodes respectively disposed on a pair of 
glass plates and subjected to an aligning treatment, and 
a ferroelectric liquid crystal disposed between the glass 
substrates. The scanning electrode (lines) and data elec 
trodes (lines) are connected to a scanning line drive 
circuit 504 and a data line drive circuit 505, respec 
tively. 

Hereinbelow, the operation will be explained with 
reference to the ?gures. The graphic controller 502 
supplies scanning line address data for designating a 
scanning line and image data (PDO-PD3 on the scan 
ning line designated by the address data to a display 
drive circuit 504/505 (composed of a scanning line 
drive circuit 504 and a data line drive circuit 505) of the 
liquid crystal display apparatus 501. In this embodi 
ment, the image data comprising the scanning line ad 
dress data and the display data are transferred through 
the same transmission line, so that it is necessary to 
differentiate the above-mentioned two types of data. 
For the differentiation, a signal AH/DL is used. The 
AH/DL signal at a high level means scanning line ad 
dress data, and the AH/DL signal at a'low level means 
display data. 

In the liquid crystal display apparatus 501, the scan 
ning'line address data are extracted from transferred 
image data PDO-PD3 by a drive control circuit 511 and 
then supplied to the scanning line drive circuit 504 in 
synchronis'm with a time for driving a designated scan 
ning line. The scanning line address data are inputted to 
a decoder 506 in the scanning line drive circuit 504, and 
a designated scanning line in the display panel 503 is 
driven by a scanning signal generating circuit 507 with 
the aid of the decoder 506. On the other hand, the dis 
play data are introduced to a shift register 508 in the 
data line drive circuit 505 and shifted by a unit of 4 pixel 
data based on a transfer clock signal. When the shift of 
display data for one horizontal scanning line is com 
pleted by the shift register 508, the display data for 1280 
pixels are transferred to a line memory disposed in par 
allel, memorized for a period of one horizontal scanning 
and are supplied to the respective data lines as display 
data signals through a data signal generating circuit 510. 

Further, in this embodiment, the drive of the display 
panel 503 in the liquid crystal display apparatus 501 is 
not synchronized with the generation of the scanning 
line address data and display data in the graphic con 
troller 502, so that it is necessary to synchronize the 
apparatus 501 and 502 at the time of image data transfer. 
A signal SYNC is in charge of the synchronization and 
is generated in the drive control circuit 511 in the liquid 
crystal display apparatus 501 at each one horizontal 
scanning period. The graphic controller 502 always 
monitors the SYNC signal, and transfers image data 
when the SYNC signal is at a low level and does not 
effect transfer after completing transfer of image data 
for one horizontal scanning line when the SYNC signal 
is at high level. More speci?cally, referring to FIG. 6, 
the graphic controller 502 immediately sets the AH/DL 
signal at high level and starts transfer of image data for 
one horizontal scanning line when it detects that the 
SYNC signal is at low level. The drive control circuit 
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511 in the liquid crystal display apparatus 501 set to the 
SYNC signal at high level during the image data trans 
fer period. When the writing in the display panel 503 is 
completed after a prescribed one horizontal scanning 
period, the drive controller circuit (FLCD controller) 
511 returns the SYNC signal to the low level so that it 
can receive image data for a subsequent scanning line. 
As described above, according to the present inven 

tion, a display electrode is constituted as a laminated 
structure including a second layer of M0 or Mo alloy 
between a ?rst layer of ITO and a third layer of A] or 
Al alloy, whereby a liquid crystal display device having 
a low-resistivity electrode structure with the aid of an 
Al electrode without complicating the production pro 
cess or causing pinhole defects in the ITO electrodes. 
What is claimed is: 
1. A liquid crystal device, comprising: 
a pair of oppositely disposed electrodes; and 
a liquid crystal disposed between the electrodes, 
wherein at least one of the pair of electrodes com 

prises a laminated structure including a ?rst layer 
of indium tin oxide, a second layer of molybdenum 
or a molybdenum alloy, and a third layer of alumi 
num or an aluminum alloy disposed in the named 
order, wherein said second and third layers cover 
only a part of said ?rst layer and 

wherein said third layer is formed of an alloy com 
prising aluminum and at least one alloying element 
selected from the group consisting of silicon, cop 
per and titanium. 

2. A liquid crystal device, comprising: 
a pair of oppositely disposed electrodes; and 
a liquid crystal disposed between the electrodes, 
wherein at least one of the pair of electrodes com 

prises a laminated structure including a ?rst layer 
of indium tin oxide, a second layer of molybdenum 
or a molybdenum alloy, and a third layer of alumi 
num or an aluminum alloy disposed in the named 
order, wherein said second and third layers cover 
only a part of said ?rst layer and 

wherein said third layer has a thickness of 50—2,000 
A. 

3. A liquid crystal device, comprising: 
a pair of oppositely disposed electrodes; and 
a liquid crystal disposed between the electrodes, 
wherein at least one of the pair, of electrodes com 

prises a laminated structure including a ?rst layer 
of indium tin oxide, a second layer of molybdenum 
or a molybdenum alloy, and a third layer of alumi 
num or an aluminum alloy disposed in the named 
order, wherein said second and third layers cover 
only a part of said first layer and 

wherein said third layer has a thickness of l00—l,000 
A. 
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4. A device according to any one of claims 1-3, 

wherein said second layer is Formed of an alloy compris 
ing molybdenum and at least one alloying element se 
lected from the group consisting of tantalum, silicon, 
chromium, vanadium, niobium and tungsten. 

5. A device according to any one of claims 1-3, 
wherein said second layer is formed of an alloy compris 
ing molybdenum and tantalum. 

6. A device according to claim 5, wherein said tanta 
lum is contained in a proportion of 30 wt. % or less of 
the alloy. 

7. A device according to any one of claims 1-3, 
wherein said second layer is formed of an alloy compris 
ing molybdenum and titanium. 

8. A device according to claim 7, wherein said tita 
nium is contained in a proportion of 30 wt. % or less of 
the alloy. 

9. A device according to any one of claims 1-3, 
wherein said second layer has a thickness of 50-2000 A. 

10. A device according to any one of claims 1-3, 
wherein said second layer has a thickness of 300-1000 
A. 

11. A device according to any one of claims 1-3, 
wherein said liquid crystal is a chiral smectic liquid 
crystal. 

12. A display apparatus, comprising: 
(a) a liquid crystal device comprising (i) a ?rst sub 

strate having thereon ?rst electrodes having a lami 
nated structure including a ?rst layer of indium tin 
oxide, a second layer of molybdenum or a molyb 
denum alloy, and a third layer of aluminum or an 
aluminum alloy having a thickness of 50—2,000 A, 
disposed in the named order, wherein said second 
and third layers cover only a part of said ?rst layer; 
(ii) a second substrate having thereon second elec 
trodes disposed opposite to the ?rst electrodes; and 
(iii) a liquid crystal disposed between the ?rst and 
second substrates; 

(b) a ?rst means for supplying signal voltages to the 
?rst electrodes and the second electrodes, and 

(c) a second means for controlling the ?rst means. 
13. An apparatus according to claim 12, wherein the 

?rst electrodes are disposed in the form of stripes, the 
second electrodes are disposed in the form of stripes 
intersecting the ?rst electrodes, and in each of the ?rst 
electrodes, the second and third layers are thinner in 
width than the ?rst layer and disposed along the length 
of the stripe of the ?rst layer. 

14. An apparatus according to claim 13, wherein the 
second and third layers are disposed along a longitudi 
nal edge of the stripe of the ?rst layer. 

15. An apparatus according to claim 12, wherein said 
liquid crystal is a chiral smectic liquid crystal. 

‘I it i i t 


